and 300ml. The rates of oxygen supply in shaking cultures were also varied using the apparatus shown in Fig. 1 . Air was supplied to the flask through the filter made from polyvinylalcohol. The rate of air flow was controlled by regulating the valve attached to the flow meter. In jar-fermentor cultures, the con dition of oxygen supply was controlled by changing the rate of air flow and agitation speed. A mixed gas of air and oxygen, air and carbon dioxide, or air and nitrogen was introduced to the fermentation vessel at a constant flow rate using the apparatus shown in Fig. 2 in order to investigate the effects of oxygen and carbon dioxide in inosine fermentation.
Analysis.
For the determination of inosine, fer mentation broths were applied to ascending paper chromatography using a mixture of n-propanol, NH,OH and water (20:15:13 by volume), followed by elution with 0.01N HCl and spectrophotometrical measurement of the ultraviolet-absorbing spots.
Glucose in the medium was determined by the manometric method using glucose oxidase.
Cell growth was expressed by the weight of dry The partial pressures of oxygen in the gas phase and in the liquid phase were determined using a Bechman Model 777 Oxygen Analyzer, and that of carbon dio xide in the gas phase using the apparatus of Fuji Electric Co. The rates of oxygen transfer in biological systems were measured with the method already reported in our previous paper.7)
RESULTS
Effect of dissolved oxygen level on cell's respiration Figure 3 shows the relationship between the respiration rate of cells and the dissolved oxygen (PL, atm) level. The respiration rate of fermentation broth containing 5.5mg/ml of cells was observed as the values between 5.5•~l0-7 and 6.5•~10-7mole/ml-min when the dissolved oxygen level was maintained above 0.01atm.
The respiration rate was less than 5.5•~10-7mole/ml•Emin when the dissolved oxygen level was zero as measured Fermentation broth containing 5 .5mg/ml of cells was applied for this experiment in jar fermentors .
by membrane-coated oxygen electrodes . These results indicate that the oxygen demand of cells was satisfied at the dissolved oxygen level above 0.01atm.
Cell's respiration pro ceeded at a constant rate so long as dissolved oxygen was above the critical value for respi ration (PL exlt, atm), which was not more than 0.01atm. The influence of the dissolved oxygen level on inosine accumulation was investigated in shaking cultures (Fig. 6 ) and in jar-fermentor cultures (Fig. 7) condition that the average value of PL was near zero as measured by membrane-coated oxygen electrodes. This inhibition was sup posedly resulted from oxygen deficiency. The condition of oxygen supply to maintain the average value of PL above 0.025atm for shaking cultures and 0.075atm for jar-fer mentor cultures was sufficient for the cells to accumulate a large amount of inosine. The concentration of accumulated inosine, however, was confirmed to be varied between 11.2mg/ml and 17.2mg/ml in jar-fermentor cultures under sufficient oxygen supply. These results were analyzed by plotting the value of accumulated inosince against the average value of PL for the parameter air flow rate. When the rate of air flow was 9 liter/min, inosine production was markedly inhibited because of oxygen deficiency at the agitation speed of 150 or 180rpm, and the plateau of inosine accumulation was observed at the agitation speed more than 200rpm. When the rate of air flow was increased to 30 liter/ min, the cells produced the largest amount of inosine at the agitation speed more than 180 rpm. This suggests that not only sufficient supply of oxygen but also the high flow rate of air was indispensable for the high pro ductivity of inosine.
Critical level of dissolved oxygen for inosine production From the viewpoint of the practical opera tion of this fermentation, it was important to know the critical level of dissolved oxygen for inosine production. Therefore, fermentation under the condition of the dissolved oxygen level lower than 0.025atm was carried out in order to study the influence of the low dissolved oxygen level on inosine production . At the air-flow rate of 30 liter/min , agitation speed was controlled so as to maintain the dissolved oxygen level slightly above zero as registered by a membrane electrode. As shown in Fig. 8 , the low level of dissolved oxygen be tween 0.01atm and 0.015atm throughout the most part of the fermentation did not inhibit inosine accumulation. From this fact , the critical level of dissolved oxygen for inosine production was considered to be lower than 0.01atm.
The membrane-coated oxygen ele ctrode employed in our experiment did not precisely monitor the lower level of dissolved oxygen than 0.01atm. For the industrial purpose, however, the electrode could be employed to control the practical operation of this fermentation, assuming that the critical level of dissolved oxygen for inosine produc tion is slightly above zero.
Effect of carbon dioxide tension on inosine Production
The poor yield of inosine under the limited air flow rate in The experiments were carried out under the condition of sufficient oxygen supply (PL >PL crit).
Inhibitory effect of carbon dioxide and effect of ventilation on product formation.
In order to clarify the inhibitory effect of carbon dioxide, some culture experiments were performed under a high partial pressure of carbon dioxide in which a mixed gas of air and carbon dioxide was employed for aeration.
The suppressed accumulation of inosine ob served at 0.135 atm of gas-phase carbon dio xide, as presented in the line 2 of Table I, suggests that high tension of carbon dioxide in the culture system was inhibitory to inosine production. This inhibition, however, was demonstrated to be recovered by introducing a mixed gas of air and nitrogen into the fermen tor and lowering the partial pressure of carbon dioxide to 0.045atm as shown in the line 3 of Table I .
Inosine accumulation under high oxygen tension
It was examined whether the inhibition (Table I, line 1) was not recovered by increasing the dissolved oxygen level up to 0.45atm (Table II, line 3  and 4) , and cell's respiration proceeded at a constant rate irrespectively of such high oxygen tension.
DISCUSSION
As a measure of aeration effectiveness, the rate of oxygen transfer in the biological systems was adopted for the study of the influences of oxygen supply in inosine fermentation. The transfer rate to assure the high productivity of inosine was above 5 x 10-7mole/ml. min in jar-fermentor cultures as well as in shaking cultures. This value was smaller than that observed in glutamic acid fermentation.8) 
